ejbps, 2020, Volume 7, Issue 6, 488-499.

Review Article

SJIF Impact Factor 6.044

EUROPEAN JOURNAL OF BIOMEDICAL
http://www.ejbps.com

ISSN 2349-8870
Volume: 7
Issue: 6
488-499
Year: 2020

COVID-19 PATHOLOGY AND VITAMIN D NANOEMULSION AS PREVENTIVE AND

ALTERNATIVE REMEDIATION FOR SEVERITY: A REVIEW

Zoraida P. Aguilar®, Enaya Alhashim® and Vayle Hope R. Benedict?

1Zystein, Fayetteville, AR, USA 72703.
“Biotech Pharmacal, Fayetteville, AR, USA 72704.
$University of Arkansas, Fayetteville, AR, USA 72701.

*Corresponding Author: Dr. Zoraida P. Aguilar
Zystein, Fayetteville, AR, USA 72703.

Avrticle Received on 19/04/2020

Avrticle Revised on 09/05/2020

Article Accepted on 30/05/2020

ABSTRACT

Today, CoVID-19 has infected 3,635,483 worldwide and has claimed the lives of 251,577 people and it continues
to affect more lives. To date, no drug has been completely tested for the disease and prospective vaccines are still
being studied. Meanwhile, various parts of the world have shown positive results using Vitamin D as a possible
cure and preventive measure for viral infection including CoVID-19 because of its immune modulation
participation in both the innate and adaptive immunity both of which influence pathogen invasion. Clinical studies
have shown that the overwhelming host immune response to the CoVID-19 that may be responsible for the
severity and mortality could be regulated with Vitamin D which has been shown to modulate inflammatory
responses during viral infection. Nanoemulsions of vitamin D could be potentially more effective as preventive

and alternative remediation for CoVID-19 severity.
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INTRODUCTION

The CoVID19 pandemic has turned the world’s
healthcare providers rummaging for ways to halt the
spread of the disease which as of today, May 16 has
infected 4,616,726 people worldwide and has taken
307,955 lives.™ The world as we know it has changed
into a mostly bare place with people indoors, even
though, still a few are daring to be outdoors in spite of
the threat of coming down fast with this disease. Having
been in quarantine or lockdown and observing social
distancing since March 15, people have made their best
efforts to cope with the changes. The healthcare system,
the healthcare providers and the scientists have tried their
best and continue to try their best to find a fast cure or
vaccine that will put an end to this threat. Various
existing drugs with known curative effects for some
other  diseases have been tapped like the
hydroxychloroquine, a drug for arthritis that is also
prescribed for malaria.? But efforts in France have
shown that there has been no evidence of clinical
efficacy of hydroxychloroquine in hospitalized patients
that are suffering from CoVID-19 infection with oxygen
needs.”! Remdesivir, the drug that was used to treat
SARS and MERS coronaviruses was prescribed to one
patient in Washington state who survived.”! The use of
Remdesivir in the USA, Canada or Europe and in Japan
had 47% discharged and 36% death.™! With this global
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pandemic from the Coronavirus, the possible curative
effect of vitamins based on their possible effects on the
immune system that had long been studied and
established using viral infections provide hope.

SARS-CoV-2 causes CoVID-19

The Coronavirus disease of 2019 (CoVID-19) is the
disease that is caused by the new virus SARS-CoV-2
(severe acute respiratory syndrome coronavirus-2) which
is genetically similar to the SARS Coronavirus of 2002
(SARS-CoV-1).?! The SARS-CoV-2 is a 50-200 nm
diameter enveloped single stranded RNA (ribonucleic
acid)? that is 30 Kb. Among the genome encoded
structural proteins is the spike glycoprotein (S) which is
a viral fusion protein located on the surface of the outer
envelope.!  The coronavirus S glycoprotein is a
precursor protein that gets cleaved into three S1/S2
heterodimers that assemble into a trimer spike on the
surface of the virus. This step is a critical part in viral
infection which the virus uses to identify the host cell
receptors followed by subsequent fusion of the viral and
cellular membranes.! The trimer spike has been shown
to bind to angiotensin-converting enzyme 2 (ACE2)
membrane exopeptidase that converts Angiotensin | to
the nonapeptide angiotensin. ACE2 is expressed in
human airway epithelial pneumocytes which are the cells
lining the air sacs in the lung, lung parenchyma and in
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epithelial lining of the oral cavity that possibly causes
easy access for the SARS-CoV-2 infection.0
Additionally, ACE2 expression has also been found in
lymphocytes in the oral mucosa and in organs of the
digestive system. After SARS-CoV-2 enters the
pneumocyte cells through endocytosis it multiplies in the
cytoplasm imposing a high rate of production of viral
proteins on the pneumocytes causing apoptosis.
Meanwhile, after the entry of the RNA from the SARS-
CoV-2, it releases its genetic contents and the host cells
activate the pattern recognition receptors (PRRS), the
innate immune response which is the first line of defense
that detect the viral infection. The three major classes of
PRRs include Toll-like receptors (TLRs), retinoic acid
inducible gene 1-like receptors (RLRs) and NOD-like
receptors (NLRs)."? The TLRs which are associated
with the membrane recognize the pathogen-associated
molecular patterns (PAMP) and also viral coat
proteins™ which induce the production of interferons
(IFN).™™ Another set of PRRs located in the cytoplasm
are the RLRs and NLRs that respectively sense viral
dsRNAs or bacterial cell wall components.™® When the
virus has fused the S glycoprotein with the membrane, it
releases its genome RNA into the cytoplasm of the host
cell which translates polyproteins to create replication-
transcription complex™*® which in turn synthesizes sub-
genomic RNAs™! that contain the codes for structural
and accessory viral proteins.*® In the presence of
endoplasmic reticulum and Golgi bodies of the host, the
sub-genomic RNAs and the new viral proteins assemble
to form viral particle buds which fuse with the plasma
membrane to release the virus.'”! The SARS CoV-2 has
been found to exhibit genomic similarity to SARS CoV-
1 in the S-glycoprotein gene and the receptor binding
domain which suggests the capability for direct human
transmission.*® Important findings at the protein level
are the mutations in some non-structural proteins that
play a role in the infectious capability and differentiation
of the SARS CoV-2®! which are important to
understand the host infectivity and transmission between
SARS CoV-1 and the SARS CoV-2.l'® Studies that
focused on the analysis of the genotype of CoVID-19 in
different patients from several provinces in China found
that SARS CoV-2 had been mutated.”™ A population
genetic analyses conducted on 103 SARS CoV-2
genomes showed two prominent evolvement types, the L
(70%) and the S (30%) types?” where the strain from L
that were derived from S type were more aggressive.

Upon entry of the SARS-CoV-2 into the host, immune
response is vital for the control and elimination of the
infections before it causes immunopathogenesis that is
associated with out of control immune response.®! On
contact, the S proteins of SARS-CoV-2 binds to the
ACE2 with 10 times higher affinity than SARS-Cov-1 to
the host cells and has a higher threshold for virus
infection.®® After attachment to the host, membrane
fusion follows and release of the viral RNA which are
detected by PRRs results in a cascade of reactions that
activate the innate immune system leading to the
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formation of type | Interferons (IFN-c. /B) and a series of
pro-inflammatory cytokines.**??! A properly regulated
innate immune response could eliminate the virus or else
immunopathology would come in. In CoVID-19 patients,
plasma cytokines and chemokines including IL-1, IL-2,
IL4, IL-7, IL-10, IL-12, IL-13, IL-17, macrophage
colony-stimulating factor (MCSF), monocyte
chemoattractant  protein-1 ~ (MCP-1), macrophage
inflammatory protein-1a (MIP-1a), interferon gamma
induced protein 10 (IP-10), granulocyte colony-
stimulating factor (GCSF), IFN-y and tumor necrosis
factor-a (TNF-a), hepatocyte growth factor (HGF)27224]
have been prevalent. Studies on patients indicated that
the virus particles initially invaded the respiratory
mucosa then infected other cells which resulted in a
series of immune responses that led to over production of
cytokines which may have resulted in the life-threatening
condition of COVID-19 patients."”® Low levels of
nutrients®**! such as vitamins A, B, C and D®? as well
as Se, Zn and Fe are important to assess in CoVID19
patients®**4 because low levels during viral infections
have been associated with adverse conditions.*>*®!

The Immune System

The human immune system consists of three levels of
defense which are the 1) primary barriers that maybe
physical or chemical, 2) innate immunity, and 3)
adaptive immunity. The primary barriers include both the
physical (i.e. intact skin, mucosal clearance mechanisms)
and chemical barriers (low pH in the stomach and
lysozymes in tears, saliva and other fluid
secretions).’”*®1 The innate immunity is the first
immunological defense that hosts have against the
attacks from foreign invaders such as infectious bacteria,
virus and other agents. Innate immunity refers to the
initial reaction of the host cell to defend itself from the
threats of foreign invaders. Thus, because this is
naturally present and not caused by past events, it is not
exclusive to a specific pathogen or virus or event and
depends on a group of phagocyte cells which
immediately attack, devour and get rid of the foreign
invaders that enter the body. These phagocyte cells
include the macrophages which are found in tissue and
the neutrophil granulocytes which are found in the blood
and tissue. The innate immune system is supported by
enzymes which are called upon to mark the invaders,
attract other immune cells from the blood, dissolve the
cell walls of the invaders, or destroy virus envelope.
Marked invaders become susceptible to the natural killer
cells which attack and dissolve them using cytotoxins.
When the innate immune response is unsuccessful in 4-7
days, it calls on the adaptive immune response into
active duty.

The adaptive immune response is specific in its action
and it remembers the invaders by producing memory
cells. The adaptive immune response belongs to white
blood cells called lymphocytes which are either antibody
responses or the cell-mediated immune responses. The
adaptive immune response produces B lymphocytes, T

489



Aguilar et al.

lymphocytes, antibodies, and cytokines both in the blood
and tissue. The B lymphocytes produce antibodies in the
blood which are specific for exactly one pathogen and
are sent out to bind and destroy the pathogen. The T
lymphocytes have characteristics that bind to the specific
pathogen and in the process develop into T helper cells,
T killer cells or cytotoxic T cells, memory T cells or
regulatory T cells. The T cells could express Toll-like
receptors, CD4, CD8, and CD25 receptors which play a
role in recognition and activation. The combined
activities of the adaptive immune response interact by
binding directly to the cells or use and produce
messenger cells such as the cytokines to destroy invading
pathogens and eliminate any toxic molecules they
produce.

CoVID-19 Pathology and Immune response

In China, during the initial stages of the CoVID-19
outbreak, diagnosis of the disease was convoluted by the
variety of symptoms, imaging results and gravity of
disease.®® Upon patient presentation, fever was
identified in 43.8% but was developed in 88.7% after
hospitalization and severe conditions occurred after
admission in 15.7%. In a separate report on the kinetics
of immune response from a mild CoVID-19 case that
was hospitalized, blood analysis indicated increased
antibody-secreting cells (ASCs), follicular helper T cells
(TFH cells), activated CD4+ T cells and CD8+ T cells
and immunoglobulin M (IgM) and IgG antibodies that
bound the coronavirus SARS-CoV-2 before symptomatic
recovery.” These immunological changes persisted for
at least 7 days following full resolution of symptoms.
From day 7 to day 20, progressive increase in SARS-
CoV-2-binding IgM and IgG in plasma were detected.
The co-expression of CD38 and HLA-DR on CD8+
T cells rapidly increased in this woman from day 7
(3.57%) to day 8 (5.32%) and day 9 (11.8%), then
decreased at day 20 (7.05%). These observation about
CD38+HLA-DR+ T cells were similarly documented in
a 50-year-old man with CoVID-19.¥Y  Relative to
healthy individuals, co-expression of CD38 and HLA-
DR on CD4+ T cells increased between day 7 (0.55%)
and day 9 (3.33%) in the woman, relative to that of
healthy donors (0.63% + 0.28%; n = 5). Preceding the
resolution of the symptoms, rapid increase in activated
CD38+HLA-DR+ T cells, especially CD8+ T cells, at
days 7-9 was recorded. Immunopathology indicated
CD16+CD14+ monocytes, showed lower frequencies of
CD16+CD14+ monocytes in the blood at days 7, 8 and 9
than in healthy control, possibly indicative of the efflux
of CD16+CD14+ monocytes from the blood to the site of
infection. This patient exhibited recruitment of immune
cell populations (ASCs, TFH cells and activated CD4+
and CD8+ T cells), together with IgM and IgG SARS-
CoV-2-binding antibodies, in the patient’s blood before
the resolution of symptoms.

Vitamin D as preventive and alternative remedy for
CoVID-19 virulence
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Although the virulence mechanism of the coronavirus
causing CoVID-19 has not been fully understood, some
virulence mechanisms have been identified.>**! It has
been reported that in CoVID-19 infection, the human
DPP-4/CD26 interact with S1 domain of the virus spike
glycoprotein.” Corrective levels of vitamin D exhibited

reduction in the DPP4/CD26 receptor expression
levels® plus other clinical outcomes during
infection®®*l including  CoVID-19  infection.

Downregulation of proinflammatory cytokines*®! has
been exhibited in the presence of vitamin D. In human
cell lines and other studies vitamin D was activated in
lung tissue with a consequent preventive effect on
respiratory viral infection.***%% A paper by Hansdottir
and Monick™ indicated a direct correlation between low
vitamin D levels and vulnerability to infections in the
lungs. These may all be related to the immune system
modulator effect of vitamin D which prevents the
overexpression of inflammatory cytokines while
enhancing the oxidative potential of macrophages.
Vitamin D could enhance the production of anti-
microbial peptides found in neutrophils monocytes,
natural killer cells and the epithelial cell lining of the
respiratory tract.®? As of yet, the research results are
insufficient but there are reports that indicate the
pathways that are linked to the vitamin D receptors.
These include HLA-DR, CD8, CD4 and CD38 which is a
glycoprotein that is expressed in immune cells which
perform significant roles in innate and adaptive immune
function.

Very recently, a letter published by Dr. Alipio from the
Philippines reported the outcomes of a study that was
carried out on 212 cases with confirmed CoVID-19F%
patients. In his letter, he addressed the observation that
serum levels of 250HD was lowest in severe cases and
was highest in patients with mild symptoms. A pre-print
paper by Meltzer et al indicated the correlation between
vitamin D deficiency and the risk of CoVID-19.5 In
forty one (41) CoVID-19 patients, the initial plasma
levels of IL1, IL7, IL8, IL9, IL10, basic FGF, GCSF,
GMCSF, IFNy, IP10, MCP1, MIP1A, MIP1B, PDGF,
TNFa, and VEGF concentrations were higher in patients
regardless of whether they were in ICU patients or not
compared with healthy controls.®™ Between ICU and
non-ICU patients, plasma concentrations of 1L2, IL7,
IL10, GCSF, IP10, MCP1, MIP1A, and TNFo were
higher in ICU patients than non-ICU patients and all had
pneumonia. The patients also had high levels of IL1B,
IFNy, IP10, and MCP1, which could have led to
activated T-helper-1 (Th1) cell responses®. The patients
needing ICU admission had higher levels of GCSF, 1P10,
MCP1, MIP1A, and TNFo which indicated cytokine
storm associated with disease severity compared with
those that were non-ICU admissions. The patients
initiated increased secretion of T-helper-2 (Th2)
cytokines (eg, IL4 and IL10) that suppress inflammation.

As exhibited in the clinical studies of CoVID-19 patients,
the overwhelming host immune response to the viral
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infection causing immunopathology leads to the severity
and mortality risks to viral diseases.®®*"! Studies have
shown that vitamin D modulates the cytokine response in
animal models of autoimmune diseases by controlling
the production of proinflammatory cytokines like the
tumor necrosis factor o and interleukin-12 (IL-12)
causing the suppression of inflammation.®® Mechanism
of the inflammatory response modulation with vitamin D
to regulate the levels of cytokines, inhibit NF-xB
signaling pathway, and inhibition of the immune cells
(macrophages, DCs, B cells, and T cells) has been well
documented.®” Vitamin D has been reported to
enhance IL-10 gene expression and inhibit the Thi-
and Th2-specific transcription factors.®™ Another study
indicated the down-regulation of IL-8 in
hyperinflammatory macrophages with high doses of
250HD, 1,250HDand the synthetic analogue
paricalcitol.® 1L-6 which is another pro-inflammatory
cytokine is regulated by 250HD!® while the
immunoglobulin production from B cells of lupus
patients are decreased with 1,250HD.[*%]

Vitamin D has been shown to inhibit B cell proliferation,
block B cell differentiation, and immunoglobulin
secretion.®*®! |t suppresses T cell proliferation®®,
causes shift from Thl to Th2 phenotype.’” and
facilitates the induction of T regulatory cells.®® Such
activities control the production of inflammatory
cytokines (IL-17 and IL-21) while increasing anti-
inflammatory cytokines (IL-10)."°! Vitamin D also
inhibits the monocyte production of the inflammatory
cytokines IL-1, IL-6, IL-8, IL-12 and TNFo."*" Piemonti
et al reported that vitamin D inhibits differentiation and
maturation of monocyte derived DCs and that
macrophages  secrete 1,250HD in immune
microenvironments.™®

In many infectious and autoimmune diseases, vitamin D
is recognized to mitigate the extent of immunity as well
as help regenerate the endothelial lining that could
minimize lung damage. Studies have shown that in either
bacterial or viral acute respiratory tract infection, vitamin
D supplementation brings a 12% overall protective
effect™ The VDR in immune cellsincrease in the
presence of infection. In the presence of calcitriol, the
stimulation of CD4"CD25 T cells prevent the
production of pro-inflammatory cytokines, including
IFN-y, 1L-17, and IL-21 without disturbing T cell
division.l’? T-cell cytokines IFN-y, a Thl cytokine, up-
regulates bioconversion of 25(OH)Dsto its active
metabolite, calcitriol, while the Th2 cytokine IL-4
induces conversion to the inactive metabolite
24,250HD.I"! The succession of these immune events
which are stimulated by vitamin D suppress the
formation of pro-inflammatory cytokines, including IFN-
y, IL-17, and IL-22, except IL-4 in CD4* T cells.™ In a
separate study, it was suggested that vitamin D limits
autoimmunity by diverting CD4 T cells from producing
IL-9 in favor of IL-10 and suppresses inflammatory
infiltrates and the expression of IL-17.® It has been
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reported that actions of Vit D family were mediated by
the vitamin D receptor (VDR)." Knowing all these
effects of vitamin D on the immune response to
infection, it has been touted as a potential cure as well as
a preventive remedy for CoVID-19.1"® There are several
ways to take vitamin D as preventive as well as a
possible alternative cure for CoVID-19.

The devastating effect of the CoVID-19 pandemic
compels taking urgent action to prevent overwhelming
the healthcare system and the health of the communities
especially because the onset of the disease may be
asymptomatic during the first few days. This immediate
action may involve targeting enhancement of the human
immune system. Mounting evidences suggest that
vitamin D is an immune modulator during respiratory
infections.l"*®%81 As suych, vitamin D is a potential
preventive and alternative cure for CoVID-19 for reasons
described in this paper and elsewhere.®*®! |n 3
preliminary report by Gilicio® he indicated that
insufficient levels of Vitamin D below 30 ng/mL 250HD
was prevalent in diabetic, male and critical patients.
Silbersteint™ indicated that tocilizumab which is an
anecdotal drug that offered hope for managing severe
CoVID-19 patients through its blocking action on the
cytokine storm that causes over production of
interleukins specifically 1L-6 and IL-5. A cheaper safer
and readily available alternative that acts in a similar way
to the human immune system is vitamin D. It has been
known that inadequate levels of vitamin D increases
susceptibility to viral infections.[®5#¢81 \/itamin D which
is an oil type vitamin is actually a hormone. It has long been
known as essential for the absorption of calcium and
phosphorous and has fairly recently been found as an
immune booster vitamin. The two major forms of vitamin D
are D2 (ergocalciferol) which is mainly man-made and
added to food and D3 (cholecalciferol) which can be
produced by the skin in the presence of ultraviolet light
from the sun.®® Both forms can be taken as a dietary
supplement. There are a few natural sources of vitamin D
which include fatty fish, fish liver oil, and egg yolk.
Before the body can use the vitamin D in whatever form
it has been taken, it has to be metabolized into its
hormone form. In the liver it is converted into 250HD
and in the kidney this gets converted into calcitriol, the
active form. In the bloodstream, vitamin D and calcitriol
is circulated by vitamin D binding protein.

It is the circulating form of vitamin D, calcitriol, that has
been reported to affect the immune system.’! In
macrophages, the local conversion of 250HD into
calcitriol has been reported to increase cellular immunity
by affecting the production of cathelicidin which is an
antimicrobial peptide.®® A study by Stubbs group
indicated that a population of immune cells with
increased vitamin D receptors and cathelicidin developed
in renal dialysis patients treated with high vitamin D
doses.®™ Adams and Hewison.® wrote that calcitriol
exerts immunomodulatory and anti-proliferative effects.
The importance of calcitriol has also been considered for
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preventive and therapeutic actions in various health
conditions including cancer, diabetes, cardiovascular and
infectious diseases.”®*4 In a review of various studies, it
was suggested that vitamin D oral dose of 50,000 1U
minimized the potential of getting influenza.’*

The expression of vitamin D receptors and hydroxylase
enzymes by immune cells is a clue for its role in
maintaining immune stability and serving as an
alternative cure for CoVID-19 that has now affected 210
countries. The research by Griffin et al. focused on the
effect of vitamin D on the expression of major
histocompatibility complex class 1l (MHC 1I) and co-
stimulatory receptors as well as the differentiation of
monocytes to dendritic cells (DCs).°® After interception
of foreign materials, up-regulation of MHCs/peptides
and co-stimulatory ligands on the surface of DCs ensue
at which specific T cells are eventually activated. The
maturation of DCs which lead to activation of T cells is
affected by the components of the pathogens, secretions
of the macrophages and parenchymal cells, and contact
with the T cells.®"* Studies have indicated that in
vitamin D receptor (VDR)-deficient mice, the effects of
1,250HD and D analogs when absent did not result in
attenuation of total DC numbers.®? Additionally, VDR
mediates functionally important gene expression profile
affecting multiple pathways. Griffin et al™® suggested
that 1,250HD and VDR mediates a functionally
important gene expression profile in human DCs which
was also reported by the group of Woltman.!* Griffin et
al suggested that influences of the 1,250HD and the
VDR pathway on DCs maturation are physiologically
distinct and may signify a stronger foundation for
immunotherapy than other antigen-presenting cells
(APCs) or APCs modifying agents. Also, direct
modulation of T cells and macrophages have been
exhibited which suggests that the T helper (TH)
lymphocyte is the specific cellular target for the
immunoinhibitory effects of 1,250HD.!"%%  that
modulate the immune response. Peripheral blood
lymphocyte studies suggested that production of IL-2,
tumor necrosis factor-a (TNF-o), and interferon-y is
suppressed by 1,250HD.%4

The body has a built-in mechanism of protecting itself
from foreign invaders but the importance of Vitamin D
deficiency has appeared to result in increased
susceptibility to infection because of its role in
maintaining a strongly regulated immune response. This
was enhanced by the discovery that:1) the existence of
VDRs deactivated human inflammatory cells,%! 2) the
1,250HD inhibit T cell proliferation™® and 3) the
capacity of infection-activated macrophages to produce
1,250HD.M" vitamin D has been reported to participate
in both innate and adaptive immunity both of which
influence pathogen invasion."® Vitamin D deficiency
has been documented in various infectious diseases like
tuberculosis™® and the use of 1,250HD has been
recorded in the monocyte killing of mycobacteria™® but
insufficient level of 250HD inhibits this mechanism.*
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Many studies linked vitamin D deficiency with diabetes
Crohn’s disease, mellitus type 1, asthma and multiple
sclerosis. 234 The non-classical actions of vitamin
D are seen in cell proliferation and differentiation and
immunologic effects that result in tolerance and
protective immunity.™® The antigen presenting cells
which are the macrophages and dendritic cells (DCs), T
cells and B cells, are able to synthesize 1,250HD, which
acts as hormone in an immune event. Ginde et al,
reported a study between 1988 to 1994 involving 19,000
subjects which indicated that people with <30ng/mL
vitamin D levels were more susceptible to upper
respiratory tract infection compared with those having
sufficient levels.™®! Similarly, studies involving upper
respiratory tract infections, influenza, HIV and bacterial
vaginosis showed that lower vitamin D levels exhibited
higher rates of infection."*"**81191201 A stydy involving a
double blinded placebo using nasopharyngeal swab
exhibited that administration of a therapeutic dose of
vitamin D significantly decreased the prevalence of
influenzal****#

Vitamin D nanoemulsion

Various delivery methods to enhance the effectiveness of
vitamin D while reducing possible risks have been
described.?**! Vitamin D supplement is a low- cost
practical method to enhance immunity on a daily basis
with dietary sources that are available and most countries
have fortified various food products. After digestion of
food or supplements, vitamin D is mixed with micelles
and its absorption require cholesterol transporters in the
intestine before it is activated in the liver and kidneys. Its
absorption is blocked when there are not enough lipids in
the intestine. A study showed that vitamin D in an oil
carrier has better oral bioavailability with greater 250HD
response than powder form or ethanol form.'?! The
challenges involving vitamin D absorption and
bioavailability arise from (i) high hydrophobicity that
prevents direct dispersion of the vitamin in an aqueous
matrix, (ii) chemical degradation leading to the reduction
of functionality and bioavailability, and (iii) variable oral
bioavailability.****#" Exposure to light, oxygen and high
temperature cause isomerization and degradation into the
inactive conformation."®! These challenges must be
overcome to harness the immune functions of vitamin D
efficiently and cost effectively. Nano particle
encapsulation in colloidal dispersion could serve the
needs of vitamin D against degradation and inactivation
or to make it miscible in aqueous environment.?*! The
use of nanotechnology, particularly those which are
biocompatible and biodegradable, for such purposes may
be the best approach. Nanoencapsulation of vitamin D
improves  appearance, taste, shelf life and
absorption.'3***1 v/arious types of colloidal systems
including nanoemulsions, liposomes, micelles, as well as
solid nanoparticles have been used as delivery carriers
for actives in pharmaceuticals.****3%

A novel nano dispersion technology for vitamin D could
mimic a bioavailability of 131%!"*? that was reported for
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a similar lipid. The use of nanotechnology in the
preparation of lipid soluble actives has shown the actives
conversion into more absorbable form that has the
potential to make it more effective.** The components
of the vitamin D nanoemulsion could make it more
bioavailable as well as more biocompatible with the
human body. Research has indicated that co-
administration of vitamin D with lipids increases its
bioavailability.™*1 This enhancement in bioavailability
could be beneficial to its therapeutic effects. Co-
administration of vitamin D with lipids could increase
the solubility in the stomach through the formation of
micelles that could facilitate the diffusion and
absorption.*5%%! These studies indicated that vitamin D
in the presence of lipids could be absorbed into the
systemic circulation through the intestinal lymphatic
absorption avoiding the hepatic first-pass
metabolism."*¥"*3! Co-administration of vitamin D with
lipids could be done through the use of lipids as carrier
or in the form of a nanoemulsion using biodegradable
biocompatible nanoparticles.”* An emulsion is a
colloidal mixture of two types of liquids (i.e. oil and
water; water and oil or mixture of oils and water) which
are normally immiscible with each other. By using
specific surfactants or emulsifiers and co-surfactants, oil
and water could coexist in a single phase called
emulsion. An emulsion consisting of a water phase and
an oil phase plus the emulsifiers and co-emulsifiers
makes the colloidal dispersion stable with less surface
tension. A nanoemulsion is prepared like an emulsion but
is subjected to additional processing to make the
particles smaller so that they are nano-in size. The
nanoemulsion consists of particles in the 1 to 100
nanometers (or bigger) in diameter.

Nanoemulsion of vitamin D that has been reported in the
literature have indicated that the use of nanotechnology
improves its bioavailability.4***14214% The components
of the vitamin D nanoemulsion™ could make it more
biocompatible with the human body. Nanoemulsion of
vitamin D using only biocompatible natural materials!*!
reinforce its potency and increase its bioavailability™*®!
while making it more shelf-stable in the absence of
harmful synthetics. The benefits of nanoemulsion of
vitamin D include miscibility with water, improved
biocompatibility, increased absorption, enhanced
bioavailability which must be further studied to be
quantified, and increased shelf-life due to protection
against light. Nanoemulsion of vitamin D with natural
materials provides improved solubility by making it
miscible with water. It allows for enhanced
biocompatibility because of the chosen components of
the nanoemulsion that keep vitamin D from rejection and
degradation by enzymes or macrophages in the body
which makes the vitamin D bioavailable that leads to
increased absorption. The embedding of the vitamin D
droplets in the nanoemulsion rather than in its natural
form protects it from light degradation giving it a better
shelf-life. Making the vitamin D more available and
protected from degradation as a nanoemulsion would
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lead to enhanced bioavailability but this has to be further
studied to be quantified.

CONCLUSION

AS CoVID-19 infects more people worldwide it
continues to claim lives. Today no drug has been
completely tested for the disease and prospective
vaccines are still being developed and studied.
Meanwhile, various parts of the world have shown
positive results using Vitamin D as a possible remedy
and preventive measure for viral infection including
CoVID-19 because of its immune modulation
participation in both the innate and adaptive immunity
which influence pathogen invasion. Clinical studies have
shown that the overwhelming host immune response to
the CoVID-19 that may be responsible for the severity
and mortality could be regulated with Vitamin D because
of its ability to modulate inflammatory responses during
viral infection. Additionally, studies have shown that
nanoemulsions of vitamin D are more effective
compared with conventional vitamin D. Many elderly
severe cases of CoVID-19 have been found with
insufficient levels of vitamin D. In the absence of a cure
or a vaccine, vitamin D is a safe, inexpensive and readily
available potential alternative remedy especially for
severe cases that must be tested and administered to
CoVID-19 patients. The urgency of this matter should
not be ignored especially in the remote areas in poor
countries where medical preparedness and financial
capability is totally lacking if not completely absent.

ACKNOWLEDGEMENT
We are grateful to BioTech Pharmacal for providing
finances required for the publication of this paper.

Conflict of Interest
There are no existing conflicts of interest in this project.

REFERENCES

1. Worldometer, “COVID-19 coronavirus pandemic”,
https: /lwww.worldometers.info/coronavirus/?,
accessed May 16, 2020.

2. CDC, Medicines for the prevention of malaria while
travelling: hydroxychloroquine, https:
/lwww.cdc.gov/malaria/resources/pdf/fsp/drugs/hydr
oxychloroquine.pdf, Accessed April 15, 2020.

3. Mahevas, M. et al, “No evidence of clinical efficacy of
hydroxychloroquine in patients hospitalized for COVID-
19 infection with oxygen requirement: results of a study
using routinely collected data to emulate a target trial,”
MedRxiv, BMJ Yale, 2020, preprint at https:
/lwww.medrxiv.org/content/10.1101/2020.04.10.200
60699v1, accessed April 15, 2020.

4. Treatments for CoVID-19,
/lwww.health.harvard.edu/diseases-and-
conditions/treatments-for-covid-19 Harvard Health
Publishing, accessed April 15, 2020.

5. Grein, J.,, Ohmagari, N., Shin, D., Diaz, G,
Asperges, E. et al, Compassionate use of Remdesivir

https:

493


https://www.worldometers.info/coronavirus/?
https://www.cdc.gov/malaria/resources/pdf/fsp/drugs/hydroxychloroquine.pdf
https://www.cdc.gov/malaria/resources/pdf/fsp/drugs/hydroxychloroquine.pdf
https://www.cdc.gov/malaria/resources/pdf/fsp/drugs/hydroxychloroquine.pdf
https://www.medrxiv.org/content/10.1101/2020.04.10.20060699v1
https://www.medrxiv.org/content/10.1101/2020.04.10.20060699v1
https://www.medrxiv.org/content/10.1101/2020.04.10.20060699v1
https://www.health.harvard.edu/diseases-and-conditions/treatments-for-covid-19
https://www.health.harvard.edu/diseases-and-conditions/treatments-for-covid-19
https://www.health.harvard.edu/diseases-and-conditions/treatments-for-covid-19

Aguilar et al.

10.

11.

12.

13.

14.

15.

16.

17.

18.

for patients with severe Covid-19, NEJM, 2020,
DOI: 10.1056/NEJM0a2007016.

Dae-Gyun Ahn, Hye-Jin Shin, Mi-Hwa Kim,
Sunhee Lee, Hae-Soo Kim, Jinjong Myoung, Bum-
Tae Kim, and Seong-Jun Kim, Current status of
epidemiology, diagnosis, therapeutics and vaccine
fornovel coronavirus disease 2019 (CoVID-19), J
Microbiol Biotechnol, 2020; 30(3): 313-324.

Xu X, Chen P, Wang J, Feng J, Zhou H, Li X,
Zhong W, Hao P. Evolution of the novel coronavirus
from the ongoing Wuhan outbreak and modeling of
its spike protein for risk of human transmission. Sci
China Life Sci. 2020 Mar; 63(3): 457-460.

Li, F. Structure, Function, and Evolution of
Coronavirus Spike Proteins. Annual review of
virology. 2016 08/25; 3(1): 237+61. PubMed PMID:
PMC5457962. https:  //doi.org/10.1146/annurev-
virology-110615-042301

Song,W., Gui M, Wang X, Xiang Y., Cryo-EM
structure of the SARS coronavirus spike
glycoprotein in complex with its host cell receptor
ACE?2. PLOS Pathog, 2018; 14: 0.

Xu, H., Zhong,L., Deng,J., Peng, J., Dan Hongxia,
Xin Zeng, Taiwen Li, Qianming Chen, High
expression of ACE2 receptor of 2019-nCoV on the
epithelial cells of oral mucosa. International Journal
of Oral Science, 2020; 12(1): 1-5.

Jia HP, Look DC,Shi L, Hickey M, Pewe
L, Netland J, Farzan M, Wohlford-Lenane
C, Perlman S, and McCray, Jr PB, ACE2 receptor
expression and severe acute respiratory syndrome
coronavirus infection depend on differentiation of
human airway epithelia. Journal of virology, 2005;
79(23): 14614-21.

Nagarajan U, Review: Induction and function of
IFNP during viral and bacterial infection. Crit Rev
Immunol, 2011; 31(6): 459-74.

Kumar H, Kawai T, Akira S, Pathogen recognition
by the innate immune system. Int Rev Immunol,
2011; 30(1): 16-34.

Diebold SS, Kaisho T, Hemmi H, Akira S, Reis e
Sousa C, Innate antiviral responses by means of
TLR7-mediated recognition of single-stranded
RNA. Science, 2004; 5; 303(5663): 1529-31.

Meurs EF, Breiman A, Review The interferon
inducing pathways and the hepatitis C virus. World J
Gastroenterol, 2007; 13(17): 2446-54.

Sawicki SG, Sawicki DL. Coronavirus transcription:
a perspective. Curr Top Microbiol Immunol, 2005;
287: 31-55.

Hussain S, Pan J, Chen Y, Yang Y, Xu J, Peng Y, et
al. ldentification of novel subgenomic RNAs and
noncanonical transcription initiation signals of
severe acute respiratory syndrome coronavirus. J
Virol, 2005; 79(9): 5288-95.

Perrier A, Bonnin A, Desmarets L, Danneels A,
Goffard A, Rouille Y, et al. The C-terminal domain
of the MERS coronavirus M protein contains a
trans-Golgi network localization signal. J Biol
Chem, 2019; 294(39): 14406-21.

www.ejbps.com

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

European Journal of Biomedical and Pharmaceutical Sciences

Guo YR, Cao QD, Hong ZS, Tan YY, Chen SD, Jin
HJ, Tan KS, Wang DY and YanY, The origin,
transmission and cliical therapies on coronavirus
disease 2019 (CoVID-19) outbreak-an update on the
status, Military Medical Research, 2020; 7: 11,
doi.org/10.1186/s40779-020-00240-0

Angeletti S, Benvenuto D, Bianchi M, Giovanetti M,
Pascarella S, Ciccozzi M. COVID-2019: the role of
the nsp2 and nsp3 in its pathogenesis. J Med Virol.
2020, doi.org/10.1002/jmv.257109.

Zhang L, Shen FM, Chen F, Lin Z. Origin and
evolution of the 2019 novel coronavirus. Clin Infect
Dis, 2020, https: //doi.org/10.1093/cid/ciaall2
[Epub ahead of print].

Tang X, Wu C, Li X, Song Y, Yao X, Wu X, et al.
On the origin and continuing evolution of SARS-
CoV-2. Natl Sci Rev. 2020. https:
//doi.org/10.1093/nsr/nwaa036.

Wrapp D, Wang N, Corbett KS, Goldsmith JA,
Hsieh CL, Abiona O, Graham BS, McLellan JS,
Cryo-EM structure of the 2019-nCoV spike in the
prefusion conformation, Science, 2020; 367: 1260—
1263.

Ishikawa H, Barber GN. STING is an endoplasmic
reticulum adaptor that facilitates innate immune
signaling. Nature, 2008; 455(7213): 674-8.

Kawai T, Akira S. The role of pattern-recognition
receptors in innate immunity: update on toll-like
receptors. Nat Immunol. 2010, 11(5): 373-84.
Takeuchi O, Akira S. Innate immunity to virus
infection. Immunol Rev, 2009; 227(1): 75-86.
Huang C, Wang Y, Li X, Ren L, Zhao J, Hu Y, et al.
Clinical features of patients infected with 2019
novel coronavirus in Wuhan, China. Lancet, 2020;
395(10223): 497-506.

Chen C, Zhang XR, Ju ZY, He WF. Advances in the
research of cytokine storm mechanism induced by
Corona Virus Disease 2019 and the corresponding
immunotherapies. Zhonghua Shaoshang Zazhi,
2020; 36(0): E0O5.

Liu 'Y, Zhang C, Huang F, Yang Y, Wang F, Yuan J,
et al. 2019-novel coronavirus (2019-nCoV)
infections trigger an exaggerated cytokine response
aggravating lung injury. 2020. http:
/lwww.chinaxiv.org/abs/202 002.00018. Accessed
18 Feb 2020

Briguglio M, Pregliasco FE, Lombardi G, Perazzo P,
Banfi G, The malnutritionl status of the host as a
virulence factor for new coronavirus SARS-CoV-2,
Frontiers in Medicine, 2020; 7. 146, doi:
10.3389/fmed.2020.00146

Rondanelli M, Miccono A, Lamburghini S, |
Avanzato, A Riva, P Allegrini, MA Faliva, G
Peroni, M Nichetti, S Perna, Self-Care for Common
Colds: The Pivotal Role of Vitamin D, Vitamin C,
Zinc, and Echinacea in Three Main Immune
Interactive Clusters (Physical Barriers, Innate and
Adaptive Immunity) Involved during an Episode of
Common Colds-Practical Advice on Dosages and on
the Time to Take These Nutrients/Botanicals in

494


https://www.ncbi.nlm.nih.gov/pubmed/?term=Jia%20HP%5BAuthor%5D&cauthor=true&cauthor_uid=16282461
https://www.ncbi.nlm.nih.gov/pubmed/?term=Look%20DC%5BAuthor%5D&cauthor=true&cauthor_uid=16282461
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pewe%20L%5BAuthor%5D&cauthor=true&cauthor_uid=16282461
https://www.ncbi.nlm.nih.gov/pubmed/?term=Farzan%20M%5BAuthor%5D&cauthor=true&cauthor_uid=16282461
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wohlford-Lenane%20C%5BAuthor%5D&cauthor=true&cauthor_uid=16282461
https://www.ncbi.nlm.nih.gov/pubmed/?term=Perlman%20S%5BAuthor%5D&cauthor=true&cauthor_uid=16282461
https://www.ncbi.nlm.nih.gov/pubmed/?term=McCray%20PB%5BAuthor%5D&cauthor=true&cauthor_uid=16282461
http://www.chinaxiv.org/abs/202
http://www.chinaxiv.org/abs/202

Aguilar et al.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44,

order to Prevent or Treat Common Colds. Evid.
Based Complement. Alternat. Med, 2018; 5813095.
Zhou YF, Luo BA, Qin LL, The association between
vitamin D deficiency and community-acquired
pneumonia: A meta-analysis of observational
studies. Medicine (Baltimore), 2019; 98: e17252.
doi: 10.1097/MD.0000000000017252

West CE, Sjtsma SR, Kouwenhoven B, Rombout
JH, Lippolis JD, Reinhardt TA, Acute phase
response elicited by experimental bovine diarrhea
virus (BVDV) infection is associated with decreased
vitamin D and E status of vitamin-replete
preruminant calves, J Nutr, 1992; 122: 333-339.
Zhang L, Liu Y, Potential interventions for novel
coronavirus in China; a systematic review, J Med
Virol, 2020; 92: 479-490.

Semba RD, Tang AM, Micronutrients and the
pathogenesis of human immune-deficiency virus
infection, BR J Nutr, 1999; 81: 181-189.

Fowler AA, Truwit JD, Hite RD, et al, “Effect of
Vitamin C infusion on organ failure and biomarkers
of inflammation and vascular injury in patients with
sepsis and severe acute respiratory failure, JAMA,
2019; 322(13): 1261-1270. doi:
10.1001/jama.2019.11825

Fabbri A., Infante M., and Ricord C, Editorial-
Vitamin D status: a key modulator of innate
immunity and natural defensefrom acute viral
respiratory infections, Eur Rev for Medical and
Pharmacological Sciences, 2020; 24: 4048-4052.
Turvey SE, Broide DH. Innate immunity. J Allergy
Clin Immunol, 2010; 125: S24-32.

Guan W, Ni Z, Hu Y, Liang W, Ou C, et al, Clinical
characteristics of Coronavirus disease 2019 in
China, NEJM, 2020; 382(18): 1708-1720.
Thevarajan |, Nguyen THO, Koutsakos M, Druce J,
Caly L, et al, Breadth of concomitant immune
response prior to patient recovery: a case report of
non-severe CoVID-19, Nature Medicine, 2020, 26:
450-455, www.nature.com/naturemedicine.

Xu Z, Shi L, Wang Y, Zhang J, Huang L, Zhang C,
et al, Pathologival findings of CoVID-19 associated
with acute respiratory distress syndrome, Lancet
Respir Med, 2020; 8: 420-22.

McCartney DM and Byrne DG, Optimisation of
vitamin D status for enhanced immune-protection
against CoVID-19, Irish Medical J, 2020; 113(4):
58.

S Skariyachan, SB Challapilli, S Packirisamy, ST
Kumargowda, VS Sridhar, Recent Aspects on the
Pathogenesis Mechanism, Animal Models and
Novel Therapeutic Interventions for Middle East
Respiratory Syndrome Coronavirus Infections. Front

Microbiol, 2019; 10: 569. doi:
10.3389/fmicbh.2019.00569.

N Vankadari, JA Wilce, Emerging WuHan
(COVID-19) coronavirus: glycan shield and

structure prediction of spike glycoprotein and its
interaction with human CD26. Emerg Microbes

www.ejbps.com

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

European Journal of Biomedical and Pharmaceutical Sciences

Infect, 2020; 9:
d0i:10.1080/22221751.2020.1739565.
Komolmit P, Charoensuk K, Thanapirom K,
Suksawatamnuay S, Thaimai P, Chirathaworn C,
Poovorawan Y. Correction of vitamin D deficiency
facilitated suppression of IP-10 and DPP 1V levels in
patients with chronic hepatitis C: A randomised
double-blinded, placebo-control trial. PLoS One,
2017; 12: €0174608. doi:
10.1371/journal.pone.0174608

Zdrenghea MT, Makrinioti H, Bagacean C, Bush A,
Johnston SL, Stanciu LA. Vitamin D modulation of

601-604.

innate immune responses to respiratory viral
infections. Rev Med Virol, 2017; 27(1). doi:
10.1002/rmv.1909.

Miroliaee AE, Salamzadeh J, Shokouhi S, Sahraei Z.
The study of vitamin D administration effect on
CRP and Interleukin-6 as prognostic biomarkers of
ventilator associated pneumonia. J Crit Care, 2018;
44: 300-305. doi: 10.1016/j.jcrc.2017.08.040.

Zhang Y, Leung DYM, Richers BN, et al. Vitamin
D inhibits monocyte/macrophage proinflammatory
cytokine  production by targeting MAPK
phosphatase-1. J Immunol, 2012; 188: 2127-2135.
Greiller CL, Martineau AR. Modulation of the
immune response to respiratory viruses by vitamin
D. Nutrients, 2015; 7: 4240-4270.

Tsujino I, Ushikoshi-Nakayama R, Yamazakj T, et
al. Pulmonary activation of vitamin D3 and
preventive effect against interstitial pneumonia. J
Clin Biochem Nutr, 2019; 65: 245-251.

S Hansdottir and MM Monick, Vitamin D effects on
lung immunity and respiratory diseases. In vitamins
and  hormones, 2011; Vol 86. https:
//doi.org/10.1016/B978-0-12-386960-9.00009-5.

JJ Cannell, R Vieth, JC Umhau, MF Holick, WB
Grant, S Madronich, CF Garland, E Giovannucci,
Epidemic influenza and vitamin D. In Epidemiology
and Infection, 2006; 134(6): 1129-1140. Cambridge
University Press. https:
//doi.org/10.1017/S0950268806007175.

Alipio, M. Vitamin D supplementation could
possibly imptove clinical outcomes of patients
infected with Coronavirus-2019 (CoVID-19), SSRN,
2020, https:
/Ipapers.ssrn.com/sol3/papers.cfm?abstract_id=3571
484, accessed May 16, 2020.

David Meltzer, Thomas
Best, Hui Zhang, Tamara VVokes, Vineet Arora, Julia
n Solway, Association of vitamin D deficiency and
treatment with CoVID-19 incidence, medRXxiv,
2020, doi: https:
//doi.org/10.1101/2020.05.08.20095893

Chaolin Huang*, Yeming Wang*, Xingwang Li*,
Lili Ren*, Jianping Zhao*, Yi Hu*, Li Zhang,
Guohui Fan, Jiuyang Xu, Xiaoying Gu, Zhenshun
Cheng, Ting Yu, Jiaan Xia, Yuan Wei, Wenjuan
Wu, Xuelei Xie, Wen Yin, Hui Li, Min Liu, Yan
Xiao, Hong Gao, Li Guo, Jungang Xie, Guangfa
Wang, Rongmeng Jiang, Zhancheng Gao, Qi Jin,

495


https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3571484
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3571484
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3571484

Aguilar et al.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

Jianwei Wangt, in Cao, Clinical features of patients
infected with 2019 novel coronavirus in Wuhan,
China, Lancet, 2020; 395: 497-506

Darwyn Kobasa, Ayato Takada, Kyoko Shinya,
Masato Hatta, Peter Halfmann, Steven Theriault,
Hiroshi  Suzuki, Hidekazu Nishimura, Keiko
Mitamura, Norio Sugaya, Taichi Usui, Takeomi
Murata, Yasuko Maeda, Shinji Watanabe, M.
Suresh, Takashi Suzuki, Yasuo Suzuki, Heinz
Feldmann, Yoshihiro Kawaoka, Enhanced virulence
of influenza A viruses with the haemagglutinin of
the 1918 pandemic virus. Nature, 2004; 431(7009):
703-7.

Cheung CY, Poon LL, Lau AS, Luk W, Lau YL,
Shortridge KF, Gordon S, Guan Y, Peiris JS,
Induction of proinflammatory cytokines in human
macrophages by influenza A (H5N1) viruses: a
mechanism for the unusual severity of human
disease? Lancet, 2002; 360(9348): 1831-7.
Margherita T Cantorna, Sanhong Yu, Danny Bruce,
Review The paradoxical effects of vitamin D on
type 1 mediated immunity. Mol Aspects Med, 2008;
29(6): 369-75.

Raymond E, Dalgleish A, Damber JE, Smith M, Pili
R, Review Mechanisms of action of tasquinimod on
the tumour microenvironment. Cancer Chemother
Pharmacol, 2014; 73(1): 1-8.

Franck  J. Barrat, Daniel  J.  Cua, André
Boonstra, David F. Richards, Chad Crain, Huub F.
Savelkoul, René de  Waal-Malefyt, Robert L.
Coffman, Catherine M. Hawrylowicz, and Anne
O'Garra, In vitro generation of interleukin 10-
producing regulatory CD4(+) T cells is induced by
immunosuppressive drugs and inhibited by T helper
type 1 (Thl)- and Th2-inducing cytokines. J Exp
Med, 2002; 195(5): 603-16.

Yali Han, Yanwen Zhang,Tanghong Jia, Yuping
Sun, Review Molecular mechanism underlying the
tumor-promoting functions of carcinoma-associated
fibroblasts. Tumour Biol, 2015; 36(3): 1385-94.
Larisa Nonn, Lihong Peng, David Feldman and Don
na M. Peehl, Inhibition of p38 by vitamin D reduces
interleukin-6 production in normal prostate cells via
mitogen-activated protein kinase phosphatase 5:
implications for prostate cancer prevention by
vitamin D. Cancer Res, 2006; 66(8): 4516-24.
Linker-Israeli M, Elstner E, Klinenberg JR, Wallace
DJ, Koeffler HP, Vitamin D(3) and its synthetic
analogs inhibit the spontaneous in vitro
immunoglobulin production by SLE-derived PBMC.
Clin Immunol, 2001; 99(1): 82-93.

Jacques M. Lemire, John S. Adams, Rebecca Sakai,
and Stanley C. Jordan, 1 alpha, 25-dihydroxyvitamin
D3 suppresses proliferation and immunoglobulin
production by normal human peripheral blood
mononuclear cells. J Clin Invest, 1984; 74(2): 657-
61).

Sheng Chen, Gary P. Sims, Xiao Xiang Chen, Yue
Ying Gu, Shunle Chen and Peter E. Lipsky,
Modulatory effects of 1,25-dihydroxyvitamin D3 on

www.ejbps.com

66.

67.

68.

69.

70.

71.

72.

73.

European Journal of Biomedical and Pharmaceutical Sciences

human B cell differentiation. J Immunol, 2007;
179(3): 1634-47

A K Bhalla, E P Amento,B SerogandL H
Glimcher, 1,25-Dihydroxyvitamin D3 inhibits
antigen-induced T cell activation. J Immunol, 1984;
133(4): 1748-54.

Boonstra A, Barrat FJ, Crain C, Heath VL,
Savelkoul HF, O'Garra A, lalpha,25-
Dihydroxyvitamin d3 has a direct effect on naive
CDA4(+) T cells to enhance the development of Th2
cells. J Immunol, 2001; 167(9): 4974-80.

Silvia Gregori, Mara Casorati, Susana
Amuchastegui, Simona ~ Smiroldo, Alberto M.
Davalli and Luciano Adorini, Regulatory T cells
induced by 1 alpha,25-dihydroxyvitamin D3 and
mycophenolate ~ mofetil ~ treatment  mediate
transplantation tolerance.J Immunol, 2001; 167(4):
1945-53.

Cristiana Almerighi, Anna Sinistro, Antonella
Cavazza Chiara Ciaprini Giovanni Rocchi Alberto
Bergamini, 1Alpha,25-dihydroxyvitamin D3 inhibits
CD40L-induced pro-inflammatory and
immunomodulatory activity in human monocytes.
Cytokine, 2009; 45(3): 190-7.

Lorenzo Piemonti, Paolo Monti, Marina Sironi,
Paolo Fraticelli, Biagio Eugenio Leone, Elena Dal
Cin, Paola Allavena and Valerio Di Carlo, Vitamin
D3 affects differentiation, maturation, and function
of human monocyte-derived dendritic cells. J
Immunol, 2000; 164(9): 4443-51.

Adrian R. Martineau, David A. Jolliffe, Ricahrd L.
Hooper, Lauren Grrenberg, John F. Aloia, Peter
Bergman, Gal Dubnov-Raz, Susana Esposito,
Davaasambuu Ganmaa, Adit A. Ginde, Emma C
Goodall, Cameron C Grant, Christopher J Griffiths,
Wim Janssens, llka Laaksi, Semira Manaseki-
Holland, David Mauger, David R. Murdoch, Rachel
Neale, Judy R. Reese, Steve Simpson, Jr, Iwona
Stelmach, Geeta Trilok Kumar, Mitsuyoshi
Urashima, Carlos A. Camargo, Jr. et al. Vitamin D
supplementation to prevent acute respiratory tract
infections: systematic review and meta-analysis of
individual participant data. BMJ, 2017; 356: i6583
Louisa E Jeffery, Fiona Burke, Manuela Mura, Yong
Zheng, Omar S Qureshi, Martin Hewison,” Lucy
S.K. Walker, David A Lammas, Karim Raza,
and David M Sansom, 1,25-Dihydroxyvitamin D3
and IL-2 combine to inhibit T cell production of
inflammatory cytokines and promote development
of regulatory T cells expressing CTLA-4 and FoxP3.
J Immunol, 2009; 183(9): 5458-67.

Kristina Edfeldt, Philip T. Liu, Rene Chun, Mario

Fabri, Mirjam Schenk, Matthew
Wheelwright, Caroline Keegan, Stephan R.
Krutzik, John S. Adams, Martin

Hewison, and Robert L. Modlin, T-cell cytokines
differentially control human monocyte antimicrobial
responses by regulating vitamin D metabolism. Proc
Natl Acad Sci U S A, 2010; 107(52): 22593-8.

496


https://www.ncbi.nlm.nih.gov/pubmed/?term=Barrat%20FJ%5BAuthor%5D&cauthor=true&cauthor_uid=11877483
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cua%20DJ%5BAuthor%5D&cauthor=true&cauthor_uid=11877483
https://www.ncbi.nlm.nih.gov/pubmed/?term=Boonstra%20A%5BAuthor%5D&cauthor=true&cauthor_uid=11877483
https://www.ncbi.nlm.nih.gov/pubmed/?term=Boonstra%20A%5BAuthor%5D&cauthor=true&cauthor_uid=11877483
https://www.ncbi.nlm.nih.gov/pubmed/?term=Richards%20DF%5BAuthor%5D&cauthor=true&cauthor_uid=11877483
https://www.ncbi.nlm.nih.gov/pubmed/?term=Crain%20C%5BAuthor%5D&cauthor=true&cauthor_uid=11877483
https://www.ncbi.nlm.nih.gov/pubmed/?term=Savelkoul%20HF%5BAuthor%5D&cauthor=true&cauthor_uid=11877483
https://www.ncbi.nlm.nih.gov/pubmed/?term=Savelkoul%20HF%5BAuthor%5D&cauthor=true&cauthor_uid=11877483
https://www.ncbi.nlm.nih.gov/pubmed/?term=de%20Waal-Malefyt%20R%5BAuthor%5D&cauthor=true&cauthor_uid=11877483
https://www.ncbi.nlm.nih.gov/pubmed/?term=Coffman%20RL%5BAuthor%5D&cauthor=true&cauthor_uid=11877483
https://www.ncbi.nlm.nih.gov/pubmed/?term=Coffman%20RL%5BAuthor%5D&cauthor=true&cauthor_uid=11877483
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hawrylowicz%20CM%5BAuthor%5D&cauthor=true&cauthor_uid=11877483
https://www.ncbi.nlm.nih.gov/pubmed/?term=O%27Garra%20A%5BAuthor%5D&cauthor=true&cauthor_uid=11877483
https://www.ncbi.nlm.nih.gov/pubmed/?term=O%27Garra%20A%5BAuthor%5D&cauthor=true&cauthor_uid=11877483
https://www.sciencedirect.com/science/article/pii/S1043466608008351?via%3Dihub#!
https://www.sciencedirect.com/science/article/pii/S1043466608008351?via%3Dihub#!
https://www.sciencedirect.com/science/article/pii/S1043466608008351?via%3Dihub#!
https://www.sciencedirect.com/science/article/pii/S1043466608008351?via%3Dihub#!
https://www.sciencedirect.com/science/article/pii/S1043466608008351?via%3Dihub#!
https://www.sciencedirect.com/science/article/pii/S1043466608008351?via%3Dihub#!
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jeffery%20LE%5BAuthor%5D&cauthor=true&cauthor_uid=19843932
https://www.ncbi.nlm.nih.gov/pubmed/?term=Burke%20F%5BAuthor%5D&cauthor=true&cauthor_uid=19843932
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mura%20M%5BAuthor%5D&cauthor=true&cauthor_uid=19843932
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zheng%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=19843932
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zheng%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=19843932
https://www.ncbi.nlm.nih.gov/pubmed/?term=Qureshi%20OS%5BAuthor%5D&cauthor=true&cauthor_uid=19843932
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hewison%20M%5BAuthor%5D&cauthor=true&cauthor_uid=19843932
https://www.ncbi.nlm.nih.gov/pubmed/?term=Walker%20LS%5BAuthor%5D&cauthor=true&cauthor_uid=19843932
https://www.ncbi.nlm.nih.gov/pubmed/?term=Walker%20LS%5BAuthor%5D&cauthor=true&cauthor_uid=19843932
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lammas%20DA%5BAuthor%5D&cauthor=true&cauthor_uid=19843932
https://www.ncbi.nlm.nih.gov/pubmed/?term=Raza%20K%5BAuthor%5D&cauthor=true&cauthor_uid=19843932
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sansom%20DM%5BAuthor%5D&cauthor=true&cauthor_uid=19843932
https://www.ncbi.nlm.nih.gov/pubmed/?term=Edfeldt%20K%5BAuthor%5D&cauthor=true&cauthor_uid=21149724
https://www.ncbi.nlm.nih.gov/pubmed/?term=Liu%20PT%5BAuthor%5D&cauthor=true&cauthor_uid=21149724
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chun%20R%5BAuthor%5D&cauthor=true&cauthor_uid=21149724
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fabri%20M%5BAuthor%5D&cauthor=true&cauthor_uid=21149724
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fabri%20M%5BAuthor%5D&cauthor=true&cauthor_uid=21149724
https://www.ncbi.nlm.nih.gov/pubmed/?term=Schenk%20M%5BAuthor%5D&cauthor=true&cauthor_uid=21149724
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wheelwright%20M%5BAuthor%5D&cauthor=true&cauthor_uid=21149724
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wheelwright%20M%5BAuthor%5D&cauthor=true&cauthor_uid=21149724
https://www.ncbi.nlm.nih.gov/pubmed/?term=Keegan%20C%5BAuthor%5D&cauthor=true&cauthor_uid=21149724
https://www.ncbi.nlm.nih.gov/pubmed/?term=Krutzik%20SR%5BAuthor%5D&cauthor=true&cauthor_uid=21149724
https://www.ncbi.nlm.nih.gov/pubmed/?term=Krutzik%20SR%5BAuthor%5D&cauthor=true&cauthor_uid=21149724
https://www.ncbi.nlm.nih.gov/pubmed/?term=Adams%20JS%5BAuthor%5D&cauthor=true&cauthor_uid=21149724
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hewison%20M%5BAuthor%5D&cauthor=true&cauthor_uid=21149724
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hewison%20M%5BAuthor%5D&cauthor=true&cauthor_uid=21149724
https://www.ncbi.nlm.nih.gov/pubmed/?term=Modlin%20RL%5BAuthor%5D&cauthor=true&cauthor_uid=21149724

Aguilar et al.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

Sheikh V., Kasapoglu P., Zamani A., Basiri Z.,
Tahamoli-Roudsari A., Alahgholi-Hajibehzad M.
Vitamin D3 inhibits the proliferation of T helper
cells, downregulate CD4" T cell cytokines and
upregulate inhibitory markers. Hum.
Immunol, 2018; 79: 439-445. doi:
10.1016/j.humimm.2018.03.001.

Matthew T. Palmer, Yun Kyung Lee, Craig L.
Maynard, James R. Oliver, Daniel D. Bikle, Anton
M. Jetten, and Casey T. Weaver, Lineage-specific

effects of 1,25-dihydroxyvitamin Dzon the
development of effector CD4 T cells. J. Biol. Chem,
2011; 286: 997-1004. doi:
10.1074/jbc.M110.163790.

Dong Sun, Fei Luo, Jun-chao Xing, Fei
Zhang, Jian-zhong Xu, and Ze-hua Zhang,

1,25(0H),D; inhibited Th17 cells differentiation via
regulating the NF-«B activity and expression of IL-
17, Cell Prolif, 2018; el2461. doi:
10.1111/cpr.12461.

Santoro D, Caccamo D, Gagliostro G, lentile R,
Benvenga S, Bellinghieri G, Savica V: Vitamin D
metabolism and activity as well as genetic variants
of the vitamin D receptor (VDR) in chronic kidney
disease patients. J Nephrol, 2013; 26: 636-644
Armin Zitterman, Review article: Vitamin Din
preventive medicine: are we ignoring the evidence?
British Journal of Nutrition, 2003; 89: 552-572.
Mihnea T. Zdrwnghea, Heidi Makrinioti, Cristina
Bagacean, Andy Bush, Sebastian L. Johnston,
Luminita A. Stanciu, "Vitamin D modulation of
innate immune responses to respiratory viral
infections.” Reviews in medical virology, 2017;
27.1: e19009.

Jeremy A. Beard, Allison Bearden, and Rob Striker.
"Vitamin D and the anti-viral state." Journal of
Clinical Virology, 2011; 50.3: 194-200.

Ramazan Rezaei, Saeed Aslani, Mahdi Marashi,
Farhad Rezaei and Ehsan Sharif-Paghaleh,
Immunomodulatory Effects of Vitamin D in
Influenza Infection, Current Immunology Reviews,
2018; 14(1): 40-49.

M. Silberstein, Vitamin D: A simpler alternative to
tocilizumab for trial in COVID-19?, Medical
Hypotheses, 2020, doi: https:
//doi.org/10.1016/j.mehy.2020.109767
Wimalawansa, SJ,Global epidemic of coronavirus-
CoVID-19: what can we do to minimize risk?,
European Journal of Biomedical and Pharmaceutical
Sciences, 2020; 7(3): 432-438.

El James Gilicio, Vitamin D level of mild and severe
elderly cases of CoVID-19: A preliminary report,
available at https:
[Ipapers.ssrn.com/sol3/papers.cfm?abstract_id=3593
258, accessed on May 6, 2020.

William B. Grant, Henry Lahore, Sharon L.
McDonnell, Carole A. Baggerly, Christine B.
French, Jennifer L. Aliano, and Harjit P. Bhattoa,
“Evidence that Vitamin Dsupplementation could
reduce risk of influenza and CoVID-19 infections

www.ejbps.com

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

European Journal of Biomedical and Pharmaceutical Sciences

and deaths, Nutrients, 2020; 12(4):
//doi.org/10.3390/nu12040988

JA Beard, A Bearden, and R Striker, Vitamin D and
the anti-viral state. Journal of clinical virology: the
official publication of the Pan American Society for
Clinical Virology, 2011; 50(3): 194-200.

Gunville, C.F., P.M. Mourani, and A.A. Ginde, The
role of vitamin D in prevention and treatment of
infection. Inflammation & allergy drug targets,
2013, 12(4): 239-245.

A. Catharine Ross, Christine L Taylor, Ann L
Yaktine, Heather B Del Valle (editors), Dietary
Reference Intakes Calcium and Vitamin D, The
National Academies Press, Washington DC, 2011.
DeLuca HF, Cantorna MT. Vitamin D: its role and
uses in immunology. FASEB Journal, 2001; 15(14):
2579-85.

Liu PT, Stenger S, Li H, Wenzel L, Tan BH, Krutzik
SR, Ochoa MT, Schauber J, Wu K, Meinken C,
Kamen DL, Wagner M, Bals R, Steinmeyer A,
Zugel U, Gallo RL, Eisenberg D, Hewison M, Hollis
BW, Adams JS, Bloom BR, Modlin RL. Toll-like
receptor triggering of a vitamin D-mediated human
antimicrobial response. Science, 2006; 311(5768):
1770-3.

Stubbs JR, Idiculla A, Slusser J, Menard R, Quarles
LD. Cholecalciferol  supplementation  alters
calcitriol-responsive  monocyte  proteins  and
decreases inflammatory cytokines in ESRD. Journal
of the American Society of Nephrology, 2010;
21(2): 353-61.

Adams JS, Hewison M. Unexpected actions of
vitamin D: new perspectives on the regulation of
innate and adaptive immunity. National Clinical
Practice Endocrinology Metabolism, 2008; 4(2): 80—
90.

Holick, M. F. Vitamin D and sunlight: strategies for
cancer prevention and other health benefits. Clinical
Journal of the American Society of Nephrology,
2008; 3(5): 1548-54.

Sonoko Masuda, Glenville Jones, Promise of
vitamin D analogues in the treatment of hyper-
proliferative conditions. Molecular Cancer
Therapeutics, 2006; 5(4): 797-808.

Sunil J Wimalawansa, Global epidemic of
Coronavirus-CoVID19: what can we do to minimize
risks? European J of Biomedical and Pharmaceutical
Sciences, 2020; 7(3): 432-438.

Griffin MD, Lutz W, Phan VA, Bachman LA,
McKean DJ, Kumar R, Dendritic cell modulation by
lalpha,25 dihydroxyvitamin D3 and its analogs: a
vitamin D receptor-dependent pathway that
promotes a persistent state of immaturity in vitro and
in vivo. Proc Natl Acad Sci U S A, 2001; 98(12):
6800-5.

Federica Sallusto, and Antonio Lanzaveccia,
Mobilizing dendriti cells for tolerance, priming and
chronic inflammation, J. Exp. Med, 1999; 189: 611-
614.

988, https:

497


https://www.ncbi.nlm.nih.gov/pubmed/?term=Palmer%20MT%5BAuthor%5D&cauthor=true&cauthor_uid=21047796
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lee%20YK%5BAuthor%5D&cauthor=true&cauthor_uid=21047796
https://www.ncbi.nlm.nih.gov/pubmed/?term=Maynard%20CL%5BAuthor%5D&cauthor=true&cauthor_uid=21047796
https://www.ncbi.nlm.nih.gov/pubmed/?term=Maynard%20CL%5BAuthor%5D&cauthor=true&cauthor_uid=21047796
https://www.ncbi.nlm.nih.gov/pubmed/?term=Oliver%20JR%5BAuthor%5D&cauthor=true&cauthor_uid=21047796
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bikle%20DD%5BAuthor%5D&cauthor=true&cauthor_uid=21047796
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jetten%20AM%5BAuthor%5D&cauthor=true&cauthor_uid=21047796
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jetten%20AM%5BAuthor%5D&cauthor=true&cauthor_uid=21047796
https://www.ncbi.nlm.nih.gov/pubmed/?term=Weaver%20CT%5BAuthor%5D&cauthor=true&cauthor_uid=21047796
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sun%20D%5BAuthor%5D&cauthor=true&cauthor_uid=29687949
https://www.ncbi.nlm.nih.gov/pubmed/?term=Luo%20F%5BAuthor%5D&cauthor=true&cauthor_uid=29687949
https://www.ncbi.nlm.nih.gov/pubmed/?term=Xing%20J%5BAuthor%5D&cauthor=true&cauthor_uid=29687949
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhang%20F%5BAuthor%5D&cauthor=true&cauthor_uid=29687949
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhang%20F%5BAuthor%5D&cauthor=true&cauthor_uid=29687949
https://www.ncbi.nlm.nih.gov/pubmed/?term=Xu%20J%5BAuthor%5D&cauthor=true&cauthor_uid=29687949
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhang%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=29687949
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Makrinioti%2C+Heidi
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Bagacean%2C+Cristina
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Bagacean%2C+Cristina
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Bush%2C+Andy
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Johnston%2C+Sebastian+L
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Stanciu%2C+Luminita+A
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3593258
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3593258
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3593258
https://doi.org/10.3390/nu12040988
https://doi.org/10.3390/nu12040988

Aguilar et al.

98. Ralph M. Steinman, The dendritic cell system and
its role in immunogenicity, Annu Rev Immunol,
1991; 9: 271-296.

99. Griffin MD, Lutz WH, Phan VA, Bachman LA,
McKean DJ, Kumar R, Potent inhibition of dendritic
cell differentiation and maturation by vitamin D
analogs. Biochem Biophys Res Commun, 2000 Apr
21; 270(3): 701-8.

100.Matthew D. Griffin, Ward Lutz, Vy A. Phan, Lori A.
Bachman, David J. McKean, and Rajiv Kumar,
Dendritic cell modulation by la,
25dihydroxyvitamin D3 and its analogs: A vitamin
D receptor-dependent pathway that promotes a
persistent state of immaturity in vitro an in vivo,
PNAS, 2001; 98(12): 6800-68005.

101.Woltman AM, de Fijter JW, Kamerling SW, Paul
LC, Daha MR, van Kooten C, The effect of
calcineurin inhibitors and corticosteroids on the
differentiation of human dendritic cells. Eur J
Immunol, 2000; 30(7): 1807-12.

102.Lemire JM, Adams JS, Kermani-Arab V, Bakke
AC, Sakai R, Jordan SC, 1,25-dihydroxyvitamin D3
suppresses human T helper/inducerlymphocyte
activity in vitro, J Immunol, 1985; 134(5): 3032-
3035.

103.Daniele D’Ambrosio, Marco Cippitelli, Maria
Gabriella Cocciolo, Daniela Mazzeo, Pietro Di
Lucia, Rosmarie Lang, Francesco Sinigaglia, and
Paola Panina-Bordignon, Inhibition of IL-12
Production by  1,25-Dihydroxyvitamin D3
Involvement of NF-kB  Downregulation in
Transcriptional Repression of the p40 Gene, J Clin
Invest, 1998; 101(1): 252-262.

104.Harold Meckler, Mark A. Helle, William B. Geiss,
Brian T. Gregg, 1 alpha-hydroxy D2: A potent
synthetic analog of Vit D2, Science, 1974;
186(4168): 1038-1040

105.Provvedini DM, Tsoukas CD, Deftos LJ, Manolagas
SC, 1,25-Dihydroxyvitamin D3 receptors in human
leukocytes. Science, 1983; 221: 1181-1183

106.Righy WF, Stacy T, Fanger MW, 1984 Inhibition of
T lymphocyte mitogenesis by 1,25-
dihydroxyvitamin D3 (calcitriol). J Clin Invest,
1984; 74: 1451-1455

107.Adams JS, Sharma OP, Gacad MA, Singer FR,
Metabolism of 25-hydroxyvitamin D3 by cultured
pulmonary alveolar macrophages in sarcoidosis. J
Clin Invest, 1983; 72: 1856-1860

108.Daniel Bikle, Nonclassic actions of Vitamin D, J
Clin Endocrinol Metab. 2009; 94(1): 26-34

109.Ustianowski A, Shaffer R, Collin S, Wilkinson RJ,
Davidson RN, Prevalence and associations of
vitamin D deficiency in foreign-born persons with
tuberculosis in London. J Infect, 2005; 50: 432-437

110.Rook GA, Steele J, Fraher L, Barker S, Karmali R,
O’Riordan J, Stanford J Vitamin D3, interferon, and
control of proliferation of Mycobacterium
tuberculosis by human monocytes. Immunology,
1986; 57: 159-163

www.ejbps.com

European Journal of Biomedical and Pharmaceutical Sciences

111.Liu PT, Stenger S, Li H, Wenzel L, Tan BH, Krutzik
SR, Ochoa MT, Schauber J, Wu K, Meinken C,
Kamen DL, Wagner M, Bals R, Steinmeyer A,
Zugel U, Gallo RL, Eisenberg D, Hewison M, Hollis
BW, Adams JS, Bloom BR, Modlin RL, Toll-like
receptor triggering of a vitamin D-mediated human
antimicrobial response. Science, 2006; 311: 1770-
1773.

112.Ponsonby AL, McMichael A, van der Mei I,
Ultraviolet radiation and autoimmune disease:
insights from epidemiological research. Toxicology,
2002; 181-182: 71-78.

113.Litonjua AA,Weiss ST, Is vitamin D deficiency to
blame for the asthma epidemic? J Allergy Clin
Immunol, 2001; 120: 1031-103.

114.Hypponen E, Laara E, Reunanen A, Jarvelin MR,
Virtanen SM, Intake of vitamin D and risk of type 1
diabetes: a birth-cohort study. Lancet, 2001; 358:
1500-1503.

115.Cynthia Aranow, Vitamin D and the immune
system, J Investig Med, 2011; 59(6): 881-886. doi:
10.231/JIM.0b013e31821b8755.

116.Ginde AA, Mansbach JM, Camargo CA Ur,
Association between serum 25-hydroxyvitamin D
level and upper respiratory tract infection in the
Third National Health and Nutrition Examination
Survey. Arch Intern Med, 2009; 169(4): 384-90.

117.Cannell JJ, Vieth R, Umhau JC, Holick MF, Grant
WB, Madronich S, Garland CF, Giovannucci E,
Review Epidemic influenza and vitamin D.
Epidemiol Infect, 2006; 134(6): 1129-40

118.1lka Laaksi, Juha-Petri Ruohola, Pentti Tuohimaa,
Anssi Auvinen, Riina Haataja, Harri Pihlajamaki,
Timo Ylikomi, An association of serum vitamin D
concentrations < 40 nmol/L with acute respiratory
tract infection in young Finnish men. Am J Clin
Nutr, 2007; 86(3): 714-7.

119.Bodnar LM, Krohn MA, Simhan HN, Maternal
vitamin D deficiency is associated with bacterial
vaginosis in the first trimester of pregnancy. J Nutr,
2009; 139(6): 1157-61.

120.Eduardo Villamor, Review A potential role for
vitamin D on HIV infection? Nutr Rev, 2006; 64(5
Pt 1): 226-233.

121.Alexandra V. Yamshchikov, Nirali S. Desai, Henry
M. Blumberg, Thomas R. Ziegler, Vin Tangpricha,
Review Vitamin D for treatment and prevention of
infectious diseases: a systematic review of
randomized controlled trials. Endocr Pract, 2009 Jul-
Aug; 15(5): 438-49.

122.Mitsuyoshi  Urashima, Takaaki  Segawa, Minoru
Okazaki, Mana Kurihara, Yasuyuki Wada, Hiroyuki
Ida, Randomized trial of vitamin D supplementation
to prevent seasonal influenza A in schoolchildren.
Am J Clin Nutr, 2010; 91(5): 1255-60.

123.Daan JA Crommelin, Alexander T Florence,
Towards more effective advanced drug delivery
systems., Int J Pharm, 2013; 454(1): 496-511.

124 Brittany L. Banik, Pouria Fattahi, Justin L. Brown,
Polymeric ~ nanoparticles: the  future  of

498


https://www.ncbi.nlm.nih.gov/pubmed/?term=Lemire%20JM%5BAuthor%5D&cauthor=true&cauthor_uid=3156926
https://www.ncbi.nlm.nih.gov/pubmed/?term=Adams%20JS%5BAuthor%5D&cauthor=true&cauthor_uid=3156926
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kermani-Arab%20V%5BAuthor%5D&cauthor=true&cauthor_uid=3156926
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bakke%20AC%5BAuthor%5D&cauthor=true&cauthor_uid=3156926
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bakke%20AC%5BAuthor%5D&cauthor=true&cauthor_uid=3156926
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sakai%20R%5BAuthor%5D&cauthor=true&cauthor_uid=3156926
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jordan%20SC%5BAuthor%5D&cauthor=true&cauthor_uid=3156926
https://patents.google.com/?inventor=Harold+Meckler
https://patents.google.com/patent/US6359012B1/en
https://patents.google.com/patent/US6359012B1/en
https://patents.google.com/patent/US6359012B1/en
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Banik%2C+Brittany+L
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Fattahi%2C+Pouria
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Brown%2C+Justin+L

Aguilar et al.

nanomedicine. Wiley Interdiscip Rev Nanomed
Nanobiotechnol, 2016; 8(2): 271-99.

125.Ruth E Grossmann, Vin Tangpricha V, Review
Evaluation of wvehicle substances on vitamin D
bioavailability: a systematic review. Mol Nutr Food
Res, 2010; 54(8): 1055-61.

126.Nauman Kbhalid, Isao Kobayashi, Zheng Wang,
Marcos A. Neves, Kunihiko Uemura, Mitsutoshi
Nakajima, Hiroshi Nabetani, Formulation of
monodisperse oil-in-water emulsions loaded with
ergocalciferol and cholecalciferol by microchannel
emulsification: Insights of production characteristics
and stability. Int. J. Food Sci. Technol, 2015; 50:
1807-1814. doi: 10.1111/ijfs.12832

127.Michal Haham, Sophia Ish-Shalom, Marina
Nodelman, Irit  Duek, Elena  Segal, = Marina
Kustanovich and Yoav D. Livney, Stability and
bioavailability of vitamin D nanoencapsulated in
casein micelles.Food Funct, 2012; 3(7): 737-44.

128.Trepti Singh, Shruti Shukla, Pradeep
Kumar, Verinder Wahla, Vivek K. Bajpai, and Irfan
A. Rather, Review Application of Nanotechnology
in Food Science: Perception and Overview. Front
Microbiol, 2017; 8: 1501.

129.Qian Li, Chen-Guang Liu, Zhen-Hua Huang, Fang-
Fang Xue, Preparation and characterization of
nanoparticles based on hydrophobic alginate
derivative as carriers for sustained release of vitamin
D3. J Agric Food Chem, 2011; 59(5): 1962-7.

130.Eliza Glowka, Joanna Stasiak, and Janina Lulek,
Drug  delivery systems for Vitamin D
supplemetation and therapy, Pharmaceutics, 2019;
11(7): 347

131.Marco Zaru, Spyridon Mourtas, Pavlos Klepetsanis,
Anna Maria Fadda, Sophia G. Antimisiaris,
Liposomes for drug delivery to the lungs by
nebulization, European Journal of Pharmaceutics
and Biopharmaceutics, 2007; 67: 655-666.

132.J Atsmon, | Cherniakov, D lzgelov, A Hoffman, AJ
Domb, L Deutsch, F Deutsch, D Heffetz, H Sacks.
H' PTL401. A new formulation based on pro-nano
dispersion technology, improves oral cannabinoids
bioavailability | healthy volunteers, J Pharm Sci,
2018; 107(5): 142-1429.

133.Mohamed  El-Sherbiny, Mohamed Eldosoky,
Mohamed El-Shafey, Gamal Othman, Hany A.
Elkattawy, Tamer Bedir, Nehal Mohsen Elsherbiny,
Vitamin D nanoemulsion enhances hepatoprotective
effectof conventional vitain D in rats fed with high-
fat diet, Chemicao-Biological Interactions, 2018;
288: 65-75.

134.Sabna Kotta, Navneet Sharma, Prateek Raturi, Mohd
Aleem, Rakesh Kumar Sharma, "Exploring Novel
Strategies for Lipid-Based Drug Delivery." Journal
of Nanotoxicology and Nanomedicine (JNN), 2018;
3.1: 1-22.

135.A. Dahan, A Hoffman. Rationalizing the selection of
oral lipid-based drug delivery systems by an in vitro
dynamic lipolysis model for improved oral

www.ejbps.com

European Journal of Biomedical and Pharmaceutical Sciences

bioavailability of poorly water-soluble drugs.J
Control Release, 2008; 129: 1-10.

136.Amir Malaki Nik, Milena Corredig, and Amanda J.
Wright. "Release of lipophilic molecules during in
vitro digestion of soy protein-stabilized emulsions."
Molecular nutrition & food research, 2011; 55.S2:
S278-5289.

137.RD Mattes, LM Shaw, J Edling-Owens, K
Engelman, MA Elsohly, Bypassing the first-pass
effect for the therapeutic use of cannabinoids.
Pharmacol Biochem Behav, 1993; 44(3): 745-7.

138.0ehlke, K., Adamiuk, M., Behsnilian, D., Graf, V.,
Mayer-Miebach, E., Walz, E., et al. Potential
bioavailability enhancement of bioactive compounds
using food-grade engineered nanomaterials: a
review of the existing evidence. Food and Function,
2014; 5: 1341e1359.

139.David Julian McClements, D. J. Advances in
fabrication of emulsions with enhanced functionality
using structural design principles. Current Opinion
in Colloid & Interface Science, 2021; 17: 235e245.

140.Alagu Selvi Kadappan, Chi Guo, Amy Bessey,
Richard J. Wood, David J. McClements, Zhenhua
Liu. The Efficacy of Nanoemulsion-Based Delivery
to Improve Vitamin D Absorption: Comparison of
In Vitro and In Vivo Studies, Mol Nutr Food Res,
2018; 62(4). doi: 10.1002/mnfr.201700836.

141.Rahul  Gupta, Chittaranjan ~ Behera, = Gourav
Paudwal, Neha Rawat, Ashish Baldi, Prem N.
Gupta, Recent advances in formulation strategies for
efficient delivery of vitamin D AAPS Pharm Sci
Tech, 2019; 20: 11.

142.1ris J. Joye, Gabriel Davidov-Pardo, and David
Julian McClements. "Nanotechnology for increased
micronutrient bioavailability.” Trends in food
science & technology, 2014; 40.2: 168-182.

143.Walia N, and Chen L. "Pea protein-based vitamin D
nanoemulsions: Fabrication, stability and in vitro
study using Caco-2 cells." Food chemistry 305
(2020): 125475

144.S Demisli S,Theochari I, Christodoulou P, Zervou
M, Xenakis A , Papadimitriou V., Structure, activity
and dynamics of extra virgin olive oil-in-water
nanoemulsions loaded with vitamin D3 and calcium
citrate, J Molecular Lipids, 2020, 306: 112908.

145.Alhashim E, Lay Jr JO and AguilarZP, Facile
synthesis and characterization of biodegradable
calcium alginate nanoparticles, Biomedical Journal
of Scientific and Technical Research, 2019; 15(3): 1,
DOI: 10.26717/BJSTR.2019.15.002718

146.Haham M, Ish-Shalom S, Nodelman M, Duek
I, Segal E, Kustanovich M and Livney, YD.
Stability and bioavailability of vitamin D
nanoencapsulated in casein micelles. Food &
Function, 2012; 3: 737e744.

499


https://ifst.onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Khalid%2C+Nauman
https://ifst.onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Kobayashi%2C+Isao
https://ifst.onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Wang%2C+Zheng
https://ifst.onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Neves%2C+Marcos+A
https://ifst.onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Uemura%2C+Kunihiko
https://ifst.onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Nakajima%2C+Mitsutoshi
https://ifst.onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Nakajima%2C+Mitsutoshi
https://ifst.onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Nabetani%2C+Hiroshi
https://pubs.rsc.org/en/results?searchtext=Author%3AMichal%20Haham
https://pubs.rsc.org/en/results?searchtext=Author%3ASophia%20Ish-Shalom
https://pubs.rsc.org/en/results?searchtext=Author%3AMarina%20Nodelman
https://pubs.rsc.org/en/results?searchtext=Author%3AMarina%20Nodelman
https://pubs.rsc.org/en/results?searchtext=Author%3AIrit%20Duek
https://pubs.rsc.org/en/results?searchtext=Author%3AElena%20Segal
https://pubs.rsc.org/en/results?searchtext=Author%3AMarina%20Kustanovich
https://pubs.rsc.org/en/results?searchtext=Author%3AMarina%20Kustanovich
https://pubs.rsc.org/en/results?searchtext=Author%3AYoav%20D.%20Livney
https://www.ncbi.nlm.nih.gov/pubmed/?term=Singh%20T%5BAuthor%5D&cauthor=true&cauthor_uid=28824605
https://www.ncbi.nlm.nih.gov/pubmed/?term=Shukla%20S%5BAuthor%5D&cauthor=true&cauthor_uid=28824605
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kumar%20P%5BAuthor%5D&cauthor=true&cauthor_uid=28824605
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kumar%20P%5BAuthor%5D&cauthor=true&cauthor_uid=28824605
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wahla%20V%5BAuthor%5D&cauthor=true&cauthor_uid=28824605
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bajpai%20VK%5BAuthor%5D&cauthor=true&cauthor_uid=28824605
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rather%20IA%5BAuthor%5D&cauthor=true&cauthor_uid=28824605
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rather%20IA%5BAuthor%5D&cauthor=true&cauthor_uid=28824605
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Qian++Li
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Chen-Guang++Liu
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Zhen-Hua++Huang
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Fang-Fang++Xue
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Fang-Fang++Xue
https://www.ncbi.nlm.nih.gov/pubmed/?term=Glowka%20E%5BAuthor%5D&cauthor=true&cauthor_uid=31323777
https://www.ncbi.nlm.nih.gov/pubmed/?term=Stasiak%20J%5BAuthor%5D&cauthor=true&cauthor_uid=31323777
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lulek%20J%5BAuthor%5D&cauthor=true&cauthor_uid=31323777
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6680748/
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cherniakov%20I%5BAuthor%5D&cauthor=true&cauthor_uid=29287930
https://www.ncbi.nlm.nih.gov/pubmed/?term=Izgelov%20D%5BAuthor%5D&cauthor=true&cauthor_uid=29287930
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hoffman%20A%5BAuthor%5D&cauthor=true&cauthor_uid=29287930
https://www.ncbi.nlm.nih.gov/pubmed/?term=Domb%20AJ%5BAuthor%5D&cauthor=true&cauthor_uid=29287930
https://www.ncbi.nlm.nih.gov/pubmed/?term=Deutsch%20L%5BAuthor%5D&cauthor=true&cauthor_uid=29287930
https://www.ncbi.nlm.nih.gov/pubmed/?term=Deutsch%20F%5BAuthor%5D&cauthor=true&cauthor_uid=29287930
https://www.ncbi.nlm.nih.gov/pubmed/?term=Heffetz%20D%5BAuthor%5D&cauthor=true&cauthor_uid=29287930
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sacks%20H%5BAuthor%5D&cauthor=true&cauthor_uid=29287930
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sacks%20H%5BAuthor%5D&cauthor=true&cauthor_uid=29287930
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Kadappan%2C+Alagu+Selvi
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Guo%2C+Chi
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Bessey%2C+Amy
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Wood%2C+Richard+J
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=McClements%2C+David+J
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Liu%2C+Zhenhua
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Liu%2C+Zhenhua
https://www.ncbi.nlm.nih.gov/pubmed/29266712
https://www.ncbi.nlm.nih.gov/pubmed/29266712
https://link.springer.com/article/10.1208/s12249-018-1231-9#auth-1
https://link.springer.com/article/10.1208/s12249-018-1231-9#auth-2
https://link.springer.com/article/10.1208/s12249-018-1231-9#auth-3
https://link.springer.com/article/10.1208/s12249-018-1231-9#auth-3
https://link.springer.com/article/10.1208/s12249-018-1231-9#auth-4
https://link.springer.com/article/10.1208/s12249-018-1231-9#auth-5
https://link.springer.com/article/10.1208/s12249-018-1231-9#auth-6
https://link.springer.com/article/10.1208/s12249-018-1231-9#auth-6
https://pubs.rsc.org/en/results?searchtext=Author%3AMichal%20Haham
https://pubs.rsc.org/en/results?searchtext=Author%3ASophia%20Ish-Shalom
https://pubs.rsc.org/en/results?searchtext=Author%3AMarina%20Nodelman
https://pubs.rsc.org/en/results?searchtext=Author%3AIrit%20Duek
https://pubs.rsc.org/en/results?searchtext=Author%3AElena%20Segal
https://pubs.rsc.org/en/results?searchtext=Author%3AMarina%20Kustanovich
https://pubs.rsc.org/en/results?searchtext=Author%3AYoav%20D.%20Livney

